US009065689B2

a2 United States Patent 10) Patent No.: US 9,065,689 B2
Farrell et al. 45) Date of Patent: Jun. 23, 2015
(54) APPARATUS AND METHOD FOR 2006/0114921 Al*  6/2006 Nakajima ......co....... 370/412
2007/0090919 Al* 4/2007 Desaietal. ................. 340/5.61

RECEIVING SIGNALS IN A VEHICLE 2008/0177441 Al 7/2008 Marlett et al.
2010/0215135 Al* 82010 Okada .........ecooovvvennrnn.. 375/362

(75) Inventors: Brian Farrell, Troy, MI (US); Matthew

D. MclIntyre, New Baltimore, MI (US); FOREIGN PATENT DOCUMENTS
Yasser Gad, Macomb, MI (US)

EP 1187346 A2 3/2002
(73) Assignee: Continental Automotive Systems, Inc., EP 1187346 A3 5/2003
Auburn Hills, MI (US) EP 1480339 Al  11/2004
> EP 1480399 A2  11/2004
EP 1589714 Al  10/2005
(*) Notice: Subject to any disclaimer, the term of this Ip 2006205838 A 8/2006
patent is extended or adjusted under 35 sv% 2%026/(1)%‘6‘228 ﬁz égggg
US.LC.154(b) by 0 days. WO 02/066269 A3 8/2002
WO 02/093857 Al  11/2002
(21)  Appl. No.: 13/335,350 WO 2007/087471 A2 8/2007
. WO 2007/087471 A3 8/2007
(22) Filed: Dec. 22,2011 OTHER PUBLICATIONS
(65) Prior Publication Data Search Report dated Aug. 23, 2012, from corresponding GB Patent
US 2013/0166102 A1 Jun. 27, 2013 Application No. 1205794.9. _ o
International Search Report and Written Opinion dated Apr. 11,
(51) Int.Cl 2013, from corresponding International Patent Application No. PCT/
GO5D 1/00 (2006.01) US2012/070919.
HO4L 27/00 (2006.01) * cited b :
B60C 23/04 (2006.01) clied by examunet
(52) US.CL Primary Examiner — Hussein A. Elchanti
CPC ... HO4L 27/0008 (2013.01); B60C 23/0418
(2013.01); B60C 23/0435 (2013.01); Beoc ~ O ~ ABSTRACT o
23/0462 (2013.01) At a vehicle, a first signal is received and the first signal is of
(58) Field of Classification Search an ASK-compliant modulation type. A second signal is
USPC ittt e seneneaes 701/2 received and the second signal is of a FSK-compliant modu-

lation type. Based upon a set of predetermined criteria, one of

See application file for complete search history. . ! .
the first signal and the second signal is selected, the predeter-

(56) References Cited mined criteria at least in part indicating a priority as between
ASK-compliant and FSK-compliant communications. The
U.S. PATENT DOCUMENTS selected signal is transmitted to a vehicular controller over a
single transmission line.
2003/0122660 Al* 7/2003 Kachouhetal. ............. 340/442
2005/0104715 Al 5/2005 Farrell 23 Claims, 9 Drawing Sheets

START
1602~

CONNECT HIGH PRIORITY QUTPUT (FDATA)
—»= TO BCM AND DISCONNECT uC_DATA FROM

VEHICULAR CONTROLLER IF RECREATION A )
OF RF FRAME IS NOT ACTIVE Small delay is required so that vehicular controller
realizes a different RF frame is coming in 1618
f
1604 STOP RECREATION
A OF LOW PRIORITY
START OF RF FRAME RECEIVED ON™\\YES SIGNAL AND START
HIGH PRIORITY OUTPUT (FDATA)?/ RECREATION OF HIGH [~ C)
NO PRIORITY SIGNAL
1606~ ) AFTER A SMALL DELAY
N NO ~ ENTIRE RF FRAME RECEIVED ON 1676~
LOW PRIORITY OUTPUT (ADATA)? START ATIMERTO
YES INDICATE RF FRAME
ves 22 Y IS BEING RECEIVED
D; \HIGH PRIORITY TIMER RUNNING?> ON HIGH PRIORITY
o OUTPUT
1610~ ¥
DISCONNECT HIGH PRIORITY QUTPUT
(FDATA) FROM VEHICULAR CONTROLLER Timer will be stopped if it expires or if invalid
data is detected on High Priority Output
1612~ ¥
CONNECT uC_DATA OUTPUT TO VEHICULAR

—— CONTROLLER AND START LOW PRIORITY
FRAME RECREATION




US 9,065,689 B2

Sheet 1 of 9

Jun. 23, 2015

U.S. Patent

[ "OIA

wwsmw

9|NPOIA |01JUO0T) O] ele(

vZ1—"]

%NN|\MM

MW 1 4y
uz"MSH
0zt g,
vivad
v, o ‘L) 011~ v,
b0l 201
Q_SUO_\é L®>_®U®N_
001~



US 9,065,689 B2

Sheet 2 of 9

Jun. 23, 2015

U.S. Patent

¢ OIA

@NNW

2|NPOIA |O1JUOD) O] ele(

7"

—V1va on
ez SN.WMA

——U3 MSY

444 807

ol 44

\.m. 0oc

now < ( Vivay—
p1z- 0Lz V. b1z
TEBLS
02z 4oz
€ VIvVa4—
o1z 01z’
voz- zil zoz-

S|NPO J9A1933Y

00¢ -/



US 9,065,689 B2

Sheet 3 of 9

Jun. 23, 2015

U.S. Patent

eje
35I0N Y1va4 | awey 434 | d4d
05
vivay
J9WN SUWGY 1IelS
—Towrsad] ]| "LY0
/ .
205 Wsw g5z vy
0 2ot
) 2 eleq 4y
SIONVIVQ  |zawel SWdl 35I0N Y1vQ4 | L 2wies4 SqL | 3stoN v a4 |
POr~ 200~
|2 3wesy swdl | e sa] "0
_A‘ SWGZY| - SWG'G —r-SW G'Q7—M
viva4
eleq 4y
[cowerany|  osloNvivad  [zawesIyy|  osloNvivad [ L aweif3yy | asloN vivad |
o0~ pos— zos~ 20~
vivay
| € awely 3y | 7 dwelq yy | dwelq Iyy
90¢ b€ f——sw /69 —e—sw g'pg
viva4




US 9,065,689 B2

Sheet 4 of 9

Jun. 23, 2015

U.S. Patent

808~ 908~ 8 Old P08~ e 14
[€aweayy [[  asloN vIvaAd [zowe iy [| osioNvivad [ Loweayy [I ssioNvivad |
saJidxe Jown mEmNH—\
| €awey Iy | 7 aWel] iy p0g—_L2Wed I vivay
808 908 fe———sw /69— ple—sw gpc—»
_ 3SION SANTY [uomapeg] || V¢4
2087/ \syyy3]
JoWli} swgy 11e1s
L OIA
e1ed 4y
[€awely iy [[  asloN y1va4 | Zoweiy Iy || ssloN vIvad | | Lawei iy [| osloNvIvad |
80/~ 90/~ 10/~ POL~
| €awey Iy | 7 9uel Iy T Rt
80/ 90/ be——suw £’ ————pi—SW £ E—M VIvO4
20/
Jawiy swigz ueis N<<<@
9 ‘OIA
SWel) Sd3d JO MRl pue swel) TyY JO PUS U3SMIS YsInBullsip 03 |\ 40} UOIR|OIA PO 1] €
809~ 909~ 709~ /709
[€SWeTyg | osONVIVAI | CoWeIyg | 9SIONVIVAd | aWeHsd3d | || owel Ig SsoN vIvad |- o 34
V1¥Q4 uo panadai Lyyy$ | 209~ vy
| €awed iy | Zaueld iy | Swiei] Iy
809 909 ——sw £'GQ ———pi—SW £y E—M
vLvad

[oweiy sqiq] __
¥09 LYVYS]



US 9,065,689 B2

Sheet 5 of 9

Jun. 23, 2015

U.S. Patent

II "OIAd
0LLI~ 801 I~ 901 I~
[coweyayy [[  oSONVIVAd | oWei i [[o5IoN V1va]l oWl S| 310N Y1¥Q4 | e 4
dWel) PAAIIA) 35238] INAINO - S3JIdX3 JaWI) SWSZ 2J0Jaq PAAIRIBI Japeay mSE.D/wE N 200i~ vay
£ dwel] Jyy [ 7awel3yy [ Laweld SWdL[ [ 1 sweiy3yy
801 1” le——sw /69— ple—sw gpe—
_ 3SION XS NT Y EEEI I
o117 AN
Jawin sWsg 14e1s
zL0I~ 010I~ %SJQN 14 P00I~, Z00i~ e
coweryyy || |cowersswdL|| SIN | zoweiyayy || esonvivad  |uomsyey| [ 34| asion vivad
VIV Q3 ENE
zL0iN 010IN 8001~ 9001~ 2001~ vy
| eawel3yy | |zoweld S| [ zawel]3yy [ L dwel Sd | | dwel] Iyy
———sW 59— pe—sw e pe—

V1va4
S A
$001 £9vV$]

016 806 906 06 706
- - JSI0N - SSI0N - - Bl 4o
€ aulely Iy Taweld SWAL gy | TPWRH IR ||y ! 2WeHd Sl L dweif 3yy || asioN Yiva4
016~ 806~ 906~ Y06~ 206~ wvay
[ cawesyany [ |z auwen sdl| | zoweif Iy [ 1L aweld Sd | | wel Y
———5W /60— p—5UW £HE—

vivdad



US 9,065,689 B2

Sheet 6 of 9

Jun. 23, 2015

U.S. Patent

\NN@N”NS + 0605 SNSET » Sq 07 1 \a.omnmo._ x 06'0x SNGET S 96]
[s0i77.97 => Y10 10 sV s L 3Bessany I Tsug6=> v 10 521g | g esaf il Fed 4
vorL- zov1- vIvavy
SG'TE=<YIY( 4O SIAG 81 XYy 90esSYN Ty | SWTe 1 £ =< 1y 10 5244g S1 g 2Dessa Sl |
855°TE=50"Lx SNBET 4 SHI i | vor 1 zor1-
\S.ONHNO._ < 06°0x SNBET U 96| \NN.@NHNS + 060x SNGET 59 0T 1|
R %= ITHETES: R
[sws107 => yyajo gz xy dbessal WL | | swez'oz => y1ya jo saug §1 x| abessapy Iy |
ros1- zos1- vIvav
Swzel'/7 =< ylyajosaMg sLxyabessa sdL | Wivajo saihg gLixy besssy Y |
TEL'LT=50'L SNBET  SHY 0T 1 v0g1- z0¢17
0LZI~ 8071~ 9071~ 18 4y
[ eaweldayy || 3sioN vivdd | zowed 3y || asioN vIvad | aweld5d3d | asloN vIvad |
20T 1~
€ awel{ Iyy 7 3wl Iy EETE e
01Z1 8071 ——sw /59— phe—sw e pe—l
907 I~
35I0N Y54 T'¥ [oweiy sq3d] [[tomepe] || "~/

| @welq IyY Jo Indino [pdue) s swee tEmH_\ 20z 1~ /m<<<m_m_
JaWI} SWST 1eis



US 9,065,689 B2

Sheet 7 of 9

Jun. 23, 2015

U.S. Patent

ST O

'Spus uondaday S4id sy Jaye
(KejoQ uolssiwsuel | S4id 29s)
SW/ /'€ Uey) 240W OU pus
[[IM uolssiwsuel] Sdid eyl

4]

awel

Sd 3d JO 1eIS pue awel) JyY Jo pus
U9M13q Ysinbupisip 03 J3[|0J3U0d

I S80S JeJNJIY3A IO} UOIIR[OIA 3P0 ] €
]
905 | 1l 15051 / \ Z051
. — M e1eq 4y
3sIoN Y1VQ4 awely Sd3d| |[swed sdd| [Py | 2sIoN vivad
V1¥Q4 UO PaARd3I /Y7y 2051
R $ I v1vay
: “ awelq Iyy
(NI —suw ¢y —
|
awiely 43d[ [ Jowess sdad vivad
9051”111 v0SLF N\syyy
|
|

"W|qo.d e INOYIIM P} WSURI} PUR PIAIDIS]
3q ||Im A3y y2eq 01 joR( e Sdwel) SdId J!
U3A3 05 "S6°0 x SNBET & SI] HT) SWTH'G 15e9| 18
39 |IIM (LYVVVV$) Jopeay pue ajquieaid ay)




US 9,065,689 B2

Sheet 8 of 9

Jun. 23, 2015

U.S. Patent

91 "DIA

indinQ Aoud ybiH uo paydalap Si elep
pljeAul JI Jo sau1dxa 1 JI paddols aq ||Im Jswi |

1Nd1NO
ALI40Idd HDIH NO
@3AIIDIY ONIFG S
JAVY4 44 ILVDIANI
oL E_\,__Z 14VLS
\9/9/
AV13d TIVNS V 4314V
TVYNDIS ALIHOIYd m>_b<
m«vAl HDIH 40 NOILY3I4D3Y TVNDIS ALIYOIYd
14VLS ANV TYNDIS MO140
ALIHOI4d MOT40 NOI1Y3IY¥D3Y
NOILY3I¥DIY dO1S 01
%hbh.\ Ul mcd._Ou Slauwlel
16ul | SRl Y JUIYIP € SZI[eal _
19]|0J3U0d Je|NJIYIA Jeyy 0s palinbai s Aeap |lews

NOILY3IdD3d JWVHS
ALIJOIdd MO 1dVLS ANV 43110d1NOD
dVINJIHAAOL LNdLNO V1va DN I53INNOD

+ \z191

43T104.LNOD 4VTNDIHIA WOHA (VLvad)
INd1NO ALIHOIdd HOIH 153INNODSId

oZ+ 0191

A«OZ_ZZDm dIWILALIHOIdd HOIH

<3 >+ ,/%S

2<._.<D<v 1Nd1NO ALIHOIdd MOT
ZO d3AI3D3d JWVYHS 44 Fd11NS

oZ+ \-9091

{(V1vQd) LNdLNO ALIYOl4d HOIH
S3aA ZO A3AI1D3d JWVHS 44 40 1dV1S

\-+091

!

i

JAILOV LON SIdWVHL 44 40
NOILVIHO3Y 41 HIT1OdLNOD dVINIIHIAA
IAWOYH4 V1VA DN 153NNODSIA ANV WO8 OL [<—

(V1vdd) LNd1NO ALIYOIdd HOIH 1DINNOD

\-2091

(LLuv1S )



U.S. Patent Jun. 23,2015 Sheet 9 of 9 US 9,065,689 B2

o
Ll
|
|
)
o
|_
% .
o
™~
®
A &
S =
S 3
Ll
W)
=
o
Ll
|_
Z
g L 4
Q] @ =1 =
) A B
y v

7708{



US 9,065,689 B2

1
APPARATUS AND METHOD FOR
RECEIVING SIGNALS IN A VEHICLE

TECHNICAL FIELD

This patent relates to receivers and, in one aspect, receivers
in vehicles that receive multiple types of signals.

BACKGROUND OF THE INVENTION

Radio frequency (RF) receiver modules are often used in
vehicles. These modules are placed in vehicles and receive
various types of RF signals from various sources such as
passive entry passive start (PEPS) systems, remote keyless
entry (RKE) systems, and tire pressure sensors. The RF
receiver module is typically connected to a vehicular control-
ler in the vehicle and this control module controls/supplies
information to other devices in the vehicle (e.g., displays,
other processing modules, and so forth).

A single physical wire is typically used to couple previous
RF receiver modules to the vehicular controller. The single
wire is used for sake of simplicity and cost. Use of the single
wire is not a concern when only one type of data is received.
However, receivers in today’s vehicles must receive multiple
types of data (e.g., both amplitude shift keying (ASK) modu-
lated data and frequency shift keying (FSK) modulated data).
Multiple protocols (e.g., PEPS, RKE, and Tire Pressure
Monitoring System (TPMS) protocols) are also used and
information can be transmitted according to these protocols
using the various modulation approaches (e.g., PEPS frames
can be transmitted using FSK modulation).

One previous approach that attempted to deal with multiple
signal types was to use a separate receiver for each type of
possible signal type. Unfortunately, this attempted solution
had several disadvantages. More specifically, it was costly to
implement since it required separate chips/hardware and pro-
duced an output of two or more physical wires, not the one
wire required by most vehicular control modules. Conse-
quently, these previous approaches failed to adequately deal
with multiple modulation types/protocol types and user dis-
satisfaction with these previous approaches has resulted.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the disclosure, ref-
erence should be made to the following detailed description
and accompanying drawings wherein:

FIG. 1 comprises a block diagram of a receiver module
according to various embodiments of the present invention;

FIG. 2 comprises a block diagram of a receiver module
according to various embodiments of the present invention;

FIG. 3 comprises a timing diagram of one example of a
receiver module handling a burst (e.g., an RKE burst) accord-
ing to various embodiments of the present invention;

FIG. 4 comprises a timing diagram of one example a
receiver module handling a tire pressure monitoring system
(TPMS) burst according to various embodiments of the
present invention;

FIG. 5 comprises a timing diagram of one example of a
receiver module handling a high priority frame (e.g., a PEPS
frame) according to various embodiments of the present
invention;

FIG. 6 comprises a timing diagram of one example a
receiver handling a PEPS frame received while outputting a
RKE frame according to various embodiments of the present
invention;
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FIG. 7 comprises a timing diagram of one example of an
ASK frame being received with a flag or marker according to
various embodiments of the present invention;

FIG. 8 comprises a timing diagram of another example of
an ASK frame received with a flag or marker according to
various embodiments of the present invention;

FIG. 9 comprises a timing diagram of one example of an
interleaved RKE burst and a TPMS burst according to various
embodiments of the present invention;

FIG. 10 comprises a timing diagram of one example of an
ASK frame being received with a flag according to various
embodiments of the present invention;

FIG. 11 comprises a timing diagram of another example of
an ASK frame being received with a flag according to various
embodiments of the present invention;

FIG. 12 comprises a timing diagram of still another
example of an ASK frame being received with a flag accord-
ing to various embodiments of the present invention;

FIG. 13 comprises a timing diagram of one example of an
RKE frame being received immediately followed by a TPMS
frame according to various embodiments of the present inven-
tion;

FIG. 14 comprises a timing diagram of one example of a
TPMS frame immediately followed by an RKE frame accord-
ing to various embodiments of the present invention;

FIG. 15 comprises a timing diagram of one example of
back-to-back PEPS frames being received while outputting
an RKE frame according to various embodiments of the
present invention;

FIG. 16 comprises a flowchart showing the operation of a
receiver module according to various embodiments of the
present invention;

FIG. 17 shows a block diagram of a control unit in a
receiver module according to various embodiments of the
present invention.

Skilled artisans will appreciate that elements in the figures
are illustrated for simplicity and clarity. It will further be
appreciated that certain actions and/or steps may be described
or depicted in a particular order of occurrence while those
skilled in the art will understand that such specificity with
respect to sequence is not actually required. It will also be
understood that the terms and expressions used herein have
the ordinary meaning as is accorded to such terms and expres-
sions with respect to their corresponding respective areas of
inquiry and study except where specific meanings have oth-
erwise been set forth herein.

DETAILED DESCRIPTION

Approaches are provided where received data is analyzed
and different data types are separated (e.g., FSK data is sepa-
rated from ASK data). A determination is made as to whether
to select a particular data type (e.g., the FSK data or the ASK
data) for outputting over a single transmission line. The single
transmission line is coupled to a vehicular controller or con-
trol unit. For example, the vehicular control unit may be used
to lock or unlock the doors and report tire pressure status.

In many of these embodiments, at a vehicle, a first signal is
received and the first signal is of an ASK-compliant modula-
tion type. A second signal is also received and the second
signal is of a FSK-compliant modulation type. Based upon a
set of predetermined criteria, one of the first signal and the
second signal is selected. The predetermined criteria at least
in part indicates a priority as between ASK-compliant and
FSK-compliant communications. The selected signal is
transmitted to a vehicular controller over a single transmis-
sion line.
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In some aspects and situations, the selection determines
whether the first signal or the second signal is a reflected
signal (i.e., a signal present on one input line that originates
from or is reflected from another transmission line, e.g., a
ASK signal present on an ASK data input line that reflects
onto the FSK input line) and then, disregard the reflected
signal. In other aspects, the first signal may be remote keyless
entry (RKE) frame or a tire pressure monitoring system
(TPMS) frame. In other aspects, the second signal is a PEPS
frame. Other examples of signal and modulation types are
possible.

In some aspects and situations, low priority frames are
recreated. In still other aspects and situations, high priority
frames are recreated. The recreated frames are output to a
vehicular controller over the single transmission line. Frames
may need to be recreated because the entire frame may need
to be received before the receiver module is sure that it is the
low priority frame type (e.g., an ASK frame) rather than a
reflection of the high priority frame type (e.g., a FSK frame).
On the other hand, a high priority frame type (e.g., a FSK
frame) may need to be recreated if a low priority frame type is
being recreated when the high priority frame type is detected.

Referring now to FIG. 1, one example of a receiver module
100 is described. In the examples described herein, the mod-
ule 100 is disposed within or at a vehicle (e.g., a car, truck,
train, ship, and so forth). However, it will be appreciated that
the module 100 and the other modules described herein may
be disposed at other locations as well.

The module 100 comprises an RF integrated circuit 102, a
control unit 104, a first transistor or switch 106, and a second
transistor or switch 108. A FSK data line 110 transmits FSK
data to a node 112 and from the node 112 to the control unit
104 and the first transistor 106. As used herein, a “node” is an
electrical connection point with no additional circuitry or
function. An ASK data line 114 transmits ASK data to a node
116 and from the node 116 to the control unit 104 and to the
second transistor 108. The output of the first transistor 106
and the second transistor 108 are transmitted to anode 118. A
FSK enable line 120 activates and deactivates the transistor
106. An ASK enable line 122 enables and disables the tran-
sistor 108. Data from the node 118 is output over a single data
line 124 to a control module 126. In the examples described
herein, ASK modulation and FSK modulation are the two
data modulation types used. However, it will be appreciated
that other modulation types are possible. Additionally, selec-
tion as between these types for outputting may be made based
upon criteria that are different from the modulation type.

The RF integrated circuit 102 is any circuit that is config-
ured to receive and separate ASK modulated data from FSK
modulated data and output this information over lines 110 and
114. Wireless data arrives on an antenna 103. The data may
arrive separately or together. In one example, the RF inte-
grated circuit is a ASK/FSK Superheterodyne Receiver chip
manufactured by Maxim corporation. Other examples are
possible.

The control unit 104 determines when to activate the lines
120 and 122. In one aspect, by default higher priority modu-
lation data (e.g., FDATA) is given priority for outputting over
line 124. For instance, a protocol that cannot withstand delays
is given priority. In one example, PEPS data may be trans-
mitted in FSK and this cannot withstand substantial delays.
Consequently, this data may be given priority. RKE data and
TPMS data are transmitted in ASK.

The lines 120 and 122 selectively activate the transistors
106 and 108. When the transistor 106 is activated, FDATA is
selected. When the transistor 108 is activated, ADATA is
selected. The selected data is output over a single transmis-
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sion line 124 to the vehicular controller 126. The vehicular
controller 126 may perform functions such as locking or
unlocking the doors, and reporting tire pressure status. Other
examples are possible. The transistors 106 and 108 are not
activated at the same time.

Referring now to FIG. 2, one example of a receiver module
200 is described. The module 200 comprises an RF integrated
circuit 202, a control unit 204, a first transistor or switch 206,
and a second transistor or switch 208. A FSK data line 210
transmits FSK data to anode 212 and from the node 212 to the
control unit 204 and the first transistor 206. An ASK data line
214 transmits ASK data to a node 216 and from the node 216
to the control unit 204 and to the second transistor 208. The
output of the first transistor 206 and the second transistor 208
are transmitted to anode 218. A FSK enable line 220 activates
and deactivates the transistor 206. An ASK enable line 222
enables and disables the transistor 208. Microcontroller (uC)
data 223 is transmitted from the controller 204 to the node
218. Data from the node 218 is output over a single data line
224 to a control module 226.

The RF integrated circuit 202 is any circuit that is config-
ured to receive and separate ASK modulated data from FSK
modulated data and output this information over lines 210 and
214. This data arrives on an antenna 203. The data may arrive
separately or together. In one example, the RF integrated
circuit is a ASK/FSK Superheterodyne Receiver chip manu-
factured by Maxim corporation. Other examples are possible.

The control unit 204 determines when to activate the lines
220 and 222. In one aspect, by default, higher priority modu-
lation data (e.g., FDATA) is given priority. For instance, a
protocol that cannot withstand delays is given priority. In one
example, PEPS data may be transmitted in FSK and this
cannot withstand substantial delays. Consequently, this may
be given priority for outputting over the line 224. RKE data
and TPMS data are transmitted in ASK. The lines 220 and 222
selectively activate the transistors 206 and 208.

When the transistor 206 is activated, FDATA is selected.
When the transistor 208 is activated, ADATA is selected. The
selected data is output over a single transmission line 224 to
the vehicular controller 226. The vehicular controller 224
may perform functions such as locking or unlocking the doors
and reporting tire pressure status. Other examples are pos-
sible. The transistors 206 and 208 are not activated at the same
time. In another aspect, both are deactivated so that data
recreated by the controller 204 can be output over the data line
224.

In other aspects, RF protocols contain a preamble at the
beginning of the data frame which could be used to detect
incoming valid RF data and then pass the rest of the RF data
to the control unit 204 for processing. In this case, a micro-
controller at the control unit 204, monitors the ASK and FSK
data output from the receiver chip 202 over lines 210 and 214
and, after detecting the beginning of a RF data frame, con-
necting the appropriate data line, line 214 (transmitting ASK
data) or line 210 (transmitting FSK data), to the vehicular
controller 226. However, while the receiver chip 202 is con-
figured to receive both ASK and FSK data, potentially
received FSK data may appear on both the ASK and FSK data
outputs 210 and 214 and/or received ASK data may appear on
both the ASK and FSK data outputs 210 or 214. For example,
if the control unit 204 gives FSK priority and a received ASK
signal also appears on the FSK data output 210 in such a way
that it passes the inspection of the beginning of the frame then
the FSK output 210 will be connected to the vehicular con-
troller 226. However, in this case the beginning of the frame
may be output well enough, but there may be noise in the rest
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of the frame so that the control unit 204 is unable to process
the frame. So, at that point the frame is lost.

By receiving the entire low priority frame (e.g., a RKE
frame) before recreating it the receiver module is sure that it
is an actual low priority frame type (e.g., a ASK frame) rather
than a reflection of the high priority frame type (e.g., a FSK
frame). One advantage of recreating the frame after it has
been received is that reflection occurs while the frame is being
received. By recreating the frame after it has been received
there will not be any reflection of the low priority signal (e.g.,
a RKE frame) on the high priority output (e.g., the FDATA
line) causing the loss of the low priority signal when a true
high priority signal is not actually present.

In this example, FDATA will be connected to the vehicular
controller 226 unless an entire ASK frame (e.g., RKE and
TPMS) is received on the ADATA line 214. The ASK frame
will not be recreated on the RF data line 224 to the vehicular
controller 226 via the line 223 until the entire frame is
received. In this manner, typically there will not be any ASK
data being received at the time of recreation and therefore will
not be any reflection on the FSK line 210 that could cause a
halting of the transmission of the ASK frame to the vehicular
controller 226.

Before an ASK frame is recreated to the vehicular control-
ler 226 on the RF DATA line 224, FDATA is disconnected
from RF DATA line 224. Therefore, the controller 204 deter-
mines that a FSK frame (e.g., a PEPS frame) is not currently
being received. This is determined by checking if SAAA7 (a
PEPS preamble/header) has been received on the FDATA line
during the previous 25 ms. If valid data is present on FDATA
and the 25 ms timer is active then the ASK Frame will not be
recreated on the RF DATA line until the 25 ms timer expires.

While an ASK frame is being recreated on the RF DATA
line 224, the ADATA line 214 and FDATA line 210 will be
monitored by the control unit 204. Another ASK frame can be
received while recreating an ASK frame. ASK frames are
recreated at a faster data rate than they are received. This
allows recreation of frames without using multiple buffers.
Buffering of FSK frames is not necessary since the recreation
of'an FSK frame will finish before the end of the header of a
subsequent FSK frame.

If an SAA A7 (or other marker) is detected on the FDATA
line while recreating an ASK frame then the ASK frame
recreation will be stopped and the PEPS frame recreation will
start. The PEPS frame will be recreated with a small delay in
this situation since the preamble and header have already
been received. However, the data will be recreated to the
vehicular controller 226 faster than it is received so that the
delay will be minimized

The possibility of reflection issues are greatly minimized in
these approaches since the ASK frame is recreated after the
frame is received and the reflection must contain the bit pat-
tern SAAAT7 (rather than just several bits of the preamble).
The only possibility of this occurring would be an ASK frame
with $AAA7 in the frame (and this is very rare) being
received while recreating an ASK frame (which is not typi-
cal). There is no possibility of not receiving valid FSK data
that is present on FDATA line 210.

The only time valid ASK data that is present on ADATA
line 214 will not be considered is while recreating an FSK
frame (e.g., a PEPS frame). However, since the recreation of
FSK frames occurs while the FSK frame is being received, it
is not possible to have valid ASK data on the ADATA line at
this time.

Referring now to FIGS. 3-15 various timing and waveform
diagrams are described that illustrate operation of the receiver
modules described herein. It will be appreciated that the
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examples described in these figures utilize specific message
types, prototypes, headers, data, and other parameters. How-
ever, it will be appreciated that these parameters are examples
only and can be changed to suit the needs or requirements of
specific systems and users. In these examples, a receiver chip
supplies ASK data over a line ADATA and FSK data over a
line FDATA to a controller that selects as between these
inputs via a line RF data. The controller may also recreate data
for transmitting over RF data. It will also be appreciated that
the timing diagrams in these figures correspond to the work-
ings of the circuits of FIG. 1 and/or FIG. 2. It will be further
appreciated that these approaches, in one aspect, may be
implemented as computer instructions stored in memory and
executed by a general purpose processing device.

Referring now to FIG. 3, one example of how the receiver
module handles a burst (e.g., an RKE burst) is described. On
the ASK data line, a first RKE data frame 302 arrives (e.g.,
approximately 34.3 ms long) followed by a period where
nothing is received (e.g., approximately 65.7 long), followed
a second RKE frame 304, followed by a no-activity period,
followed by a third RKE frame 306. No data is received over
FDATA. It can be seen that the RKE data frames are selected
and output to the vehicle control module.

Referring now to FIG. 4, one example of how the receiver
module handles a tire pressure monitoring system (TPMS)
burst is described. A first TPMS frame 402 (e.g., approxi-
mately 28.5 ms in duration) is received on ADATA, followed
by a no activity period (e.g., approximately 85.5 ms to 142.5
ms), followed by a second TPMS frame 404. It can be seen
that the TPMS frames 402 and 404 are selected and output to
the vehicle control module over RF data. It will be appreci-
ated that in this example six TPMS frames are used and that
only two are shown.

Referring now to FIG. 5, one example of how the receiver
module handles a high priority frame (e.g., a PEPS frame) is
described. A PEPS frame 502 (e.g., 28.5 ms in duration) with
a header SAAAT is received on FDATA. Nothing is received
on ADATA. The PEPS frame 502 is passed out to RF Data
with a minimum delay. A 25 ms timer is started when the
PEPS frame arrives. The purpose of the timer is to ensure that
a low priority frame (e.g., a RKE frame) isn’t recreated while
a PEPS frame is being received.

Referring now to FIG. 6, one example of how a receiver
module handles a PEPS frame received while outputting a
RKE frame is described. An RKE frame 602 is received and
output. A PEPS frame 604 is then received. Outputting the
RKE frame 602 is halted and the PPES frame 604 received on
FDATA is output with minimum delay. A RKE frame 606 is
received and output. Then, a third RKE frame 608 is received
and output to the vehicular controller.

Referring now to FIG. 7, one example of an ASK frame
received with a flag or marker (e.g., $SAAA7) in a frame
reflected to the FDATA line is described. A reflection 702 is
received on FDATA. The reflection 702 is a reflection of a
RKE frame 704 received on ADATA. The ASK frame is
output on the RF data line because the data on FDATA is
invalid (or a timer, e.g., a 25 ms timer expires). Validity of the
frame is determined by, for example, reception of correct
preamble and header byte and correct number of Manchester
encoded data bits at 4.2 kbps (kilobits per second). Second
and third RKE frames 706 and 708 are received and output to
the vehicular controller.

Referring now to FIG. 8, one example of an ASK frame
being received with a flag or marker (e.g., SAAA7) in a frame
reflected to FDATA and a FSK noise source is described. A
reflection 802 is received on FDATA. The reflection 802 is a
reflection of a RKE frame 804 received on ADATA. Noise
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805 is received on FDATA after the frame 802. The ASK
frame is output on the RF data line because the data on
FDATA is invalid (or a timer, e.g., a 25 ms timer expires).
Validity of the frame is determined by, for example, reception
of correct preamble and header byte and correct number of
Manchester encoded data bits at 4.2 kbps (kilobits per sec-
ond). Second and third RKE frames 806 and 808 are received
and output to the vehicular controller.

Referring now to FIG. 9, one example of an interleaved
RKE burst and a TPMS burst being received is described. A
first RKE burst 902 is received, followed by a first TPMS
burst 904, a second RKE burst 906, a second TPMS burst 908,
and a third RKE burst 910. These are output on the line RF
data to the vehicular controller.

Referring now to FIG. 10, one example of an ASK frame
being received with a flag (e.g., BAAA&) reflected to FDATA
while transmitting an ASK frame on RF the RF data line is
described. An RKE frame 1002 is received and transmitted on
the RF data line. This is reflected as FDATA frame 1004. The
transmission of the ASK frame is halted and the data on
FDATA is transmitted over the RF data line. A first TPMS data
frame 1006 is received, but this is ignored because it was
received with a flag or marker (e.g., SAAAT7) reflected to
FDATA. A second RKE frame 1008 is received and this is
output on RF data. A second TPMS frame 1010 is received
and this is output on RF data. A third RKE frame 1012 is
received and this is output on RF data to the vehicular con-
troller.

Referring now to FIG. 11, one example of an ASK frame
being received with a flag (e.g., BAAA&) reflected to FDATA
while transmitting an ASK frame on RF the RF data line and
a 4.2 k noise source is described. A first RKE frame 1102 is
received. This is reflected as FDATA frame 1104 followed by
noise 1103. A 25 ms timer is started. A TPMS frame 1106 is
received before the 25 ms timer expires. The most recently
received ASK frame is output on RF data when invalid data is
detected or before the 25 ms timer expires. Validity of the
frame is determined by, for example, reception of correct
preamble and header byte and correct number of Manchester
encoded data bits at 4.2 kbps (kilobits per second). In this
case, the TPMS frame 1106 is received before the timer
expires and is output on RF data. A second RKE frame 1108
is received and output. Then, a third RKE frame 1110 is
received and output on RF data to the vehicular controller.

Referring now to FIG. 12, one example of an ASK frame
being received with a flag (SAAA7) reflected to FDATA and
PEPS frame after RKE frame and a 4.2 K FSK noise source is
described. An RKE frame 1202 is received and reflected as a
frame 1204 on FDATA. A 25 ms timer is started. A PEPS
frame 1206 is received on FDATA and the 25 ms timer is
restarted. The outputting of the RKE frame is cancelled if the
PEPS frame 1206 is received while the RKE output is pend-
ing. A second RKE frame 1208 is received and output on RF
data. Then, a third RKE frame 1210 is received and output on
RF data to the vehicular controller. The purpose of the timer
is to ensure that a low priority frame (e.g., a RKE frame) is not
recreated while a PEPS frame is being received.

Referring now to FIG. 13, one example of an RKE frame
being received immediately followed by a TPMS frame is
described. An RKE message 1302 is received (e.g., 18 bytes
of'data) on ADATA. A TPMS data message 1304 is received
on ADATA. The messages are output on RF data, but the
length is changed for each message. In one aspect, the pre-
amble is reduced since the vehicular controller does not
require the entire preamble.

Referring now to FIG. 14, one example of a TPMS frame
being received immediately followed by an RKE frame is
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described. A TPMS data message 1402 is received on ADATA
(e.g., 15 bytes of data). An RKE message 1404 is received
(e.g., 18 bytes of data) on ADATA. The messages are output
on RF data, but the length is changed for each message. In one
aspect, the preamble is reduced since the vehicular controller
does not require the entire preamble.

Referring now to FIG. 15, one example of back-to-back
PEPS frames being received while outputting an RKE frame
is described. An RKE frame 1502 is received. The RKE frame
1502 is output. While outputting the RKE frame 1502, a first
PEPS frame 1504 is received followed by a second PEPS
frame 1506. The first PEPS frame 1504 has a preamble and
header SAAA7. Inthis example, the preamble and header will
be at least 5.42 ms (24 bits *238us*.095). Even if the PEPS
frames 1504 and 1506 are back to back, they will be received
and transmitted without a problem. The PEPS frame s 1504
and 1506 will be transmitted on RF data. A 3-bit code viola-
tion 1508 is inserted for the vehicular controller to distinguish
between the end of the RKE frame and the PEPS frame. In
addition, the PEPS transmission will end no more than 3.77
ms after the PEPS reception ends.

Referring now to FIG. 16, one example of the operation of
a receiver module (e.g., module 200) is described. In this
example, a receiver chip in the module receives ASK and FSK
data and output them on data lines ADATA and FDATA. A
controller within the module couples to FDATA and ADATA
and is configured to select as between FDATA or ADATA for
output on a data line RF data and RF data is connected to an
external vehicular controller. The controller within the mod-
ule also recreates data (“microcontroller data”) as needed.

At step 1602, the high priority output (FDATA) of the
module is connected to the external vehicular controller and
the microcontroller data is disconnected from being output to
the vehicular controller if the recreation of an RF frame is not
active. At step 1604, it is determined if the start of a RF frame
is received on the high priority output (FDATA). If the answer
is affirmative, execution continues at step 1614. If the answer
is negative, execution continues at step 1606.

At step 1606, it is determined if the entire RF frame
received on the low priority output ADATA. If the answer is
negative, execution continues at step 1602 as described
above. If the answer is affirmative, then execution continues
at step 1608.

At step 1608, it is determined if the high priority timer is
running If the answer is negative, execution continues at step
1602 as described above. If the answer is affirmative, then
execution continues at step 1610. The purpose of the high
priority timer is to ensure that a low priority frame (e.g., a
RKE frame) isn’t recreated while a PEPS frame is being
received.

At step 1610, the high priority output to the vehicular
controller is disconnected. At step 1612, a connection is made
between the vehicular controller and the module, low priority
frame recreation is initiated, and the recreated frames are
output to the vehicular controller. Control then continues at
step 1602.

At step 1614, it is determined if the recreation of a low
priority signal is active. If the answer is affirmative, control
continues at step 1618. If the answer is negative, execution
continues at step 1616.

Atstep 1616, a timer is started to indicate that the RF frame
is being received at the high priority data line. The timer will
be stopped if it expires or if invalid data is detected on the high
priority data line. Execution continues at step 1602. Invalid
data may be detected by receiving data that is not properly
encoded (e.g., Manchester encoded) or is not at the correct
data rate (e.g., 4.2 kbps).
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At step 1618, recreation of the low priority signal is halted
and the high priority signal is recreated after a small delay.
The small delay is utilized so that the vehicular controller
realizes a different frame is being received. Execution con-
tinues at step 1602.

Referring now to FIG. 17, one example of a control unit
(e.g., control unit 104 or control unit 204) is described. The
apparatus is configured to receiving signals of multiple types
and comprises an interface 1702 and a controller 1704. The
interface 1702 has an input 1706 and an output 1708. The
output 1708 may include a high priority activation line 1710
(that activates circuitry to allow high priority data to be output
to an external vehicular controller) and a low priority activa-
tion line 1712 (that activates circuitry to allow low priority
data to be output to the external vehicular controller).

The interface 1702 is configured to receive a first signal at
the input 1706. The first signal is of an ASK-compliant modu-
lation type. The interface 1702 is further configured to receive
a second signal at the input 1706. The second signal is of a
FSK-compliant modulation type.

The controller 1704 is coupled to the interface 1702. The
controller 1704 is configured to, based upon a set of prede-
termined criteria, select one of the first signal and the second
signal. The predetermined criteria at least in part indicating a
priority as between ASK-compliant and FSK-compliant
communications and to transmit the selected signal to a
vehicular controller. In this respect, the lines 1710 and 1720
may control switches (e.g., transistors) that route high or low
priority data to the external vehicular controller.

The controller 1704 may be any type of processing device
such as a microprocessor or the like. A separate memory may
be associated and coupled to this microprocessor (or incor-
porated into the microprocessor itself. The memory may be
any type of computer readable memory such as a ROM,
RAM, EEPROM, or combinations of these or other memory
types. Other examples of memory types and processing
devices are possible. The approaches described herein can be
implemented as software instructions executed at the micro-
processor.

It will be understood that any of the functions and
approaches described herein may be implemented by com-
puter instructions stored on a computer media (e.g., in a
memory) and executed by a processing device (e.g., a micro-
processor, controller, or the like). To take one example, the
timers described herein can be implemented wholly or par-
tially in software and executed from a general purpose com-
puter. To take still another example, various buffers may be
used to store the frames that are being recreated and the
buffers may be implemented as memory locations in, for
example, the processing devices described herein.

It will also be understood that the software instructions
described herein can be implemented in any coding language
or scheme. In this regard, it will be appreciated that a variety
of different data structures (e.g., arrays, linked lists, pointers,
and so forth) may be utilized to implement the various soft-
ware instructions and that these elements themselves may be
stored in any of the memories described herein.

Preferred embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. It should be understood that the
illustrated embodiments are exemplary only, and should not
be taken as limiting the scope of the invention.

What is claimed is:

1. A method of receiving signals of multiple types, the
method comprising:

at a vehicle:
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receiving a first signal, the first signal being of an ASK-
compliant modulation type;

receiving a second signal, the second signal being of a
FSK-compliant modulation type;

based upon a set of predetermined criteria, selecting one
of the first signal and the second signal, the predeter-
mined criteria at least in part indicating a priority as
between ASK-compliant and FSK compliant commu-
nications;

transmitting the selected signal data to a vehicular con-
troller over a single transmission line;

wherein the predetermined criteria comprise at least one
of:

whether a received low priority frame is an actual low
priority frame rather than a reflection;

whether the actual low priority frame is being recreated;
and whether a valid high priority frame is being
received;

selectively storing one of the high priority frame and the
low priority frame in a buffer, wherein selectively
storing comprises choosing between at least two of
completely storing, partially storing, and not storing;

recreating a frame, at least partially, at a faster data rate
than the data rate at which the frame was received.

2. The method of claim 1 wherein the selecting comprises
determining whether the first signal or the second signal is a
reflected signal and ignoring the reflected signal.

3. The method of claim 1 wherein the first signal is selected
from the group comprising a remote keyless entry (RKE)
frame and a tire pressure monitoring system (TPMS) frame.

4. The method of claim 1 wherein the second signal com-
prises a PEPS frame.

5. The method of claim 1 further comprising recreating low
priority frames for transmission to the vehicular controller.

6. The method of claim 1 further comprising recreating
high priority frames for transmission to the vehicular control-
ler.

7. An apparatus configured to receiving signals of multiple
types, the apparatus comprising:

an interface having an input and an output, the interface

configured to receive a first signal at the input, the first
signal being of a ASK-compliant modulation type and
further configured to receive a second signal at the input,
the second signal being of a FSK-compliant modulation
type; and

a controller comprising a microcontroller, the controller

coupled to the interface, the controller configured to,
based upon a set of predetermined criteria, select one of
the first signal and the second signal, the predetermined
criteria at least in part indicating a priority as between
ASK-compliant and FSK compliant communications
and to issue a control signal at the output that is effective
to transmit the selected signal data to an external vehicu-
lar controller over a single transmission line;

wherein the predetermined criteria comprise at least one of

whether a received low priority frame is an actual low

priority frame rather than a reflection;

whether the actual low priority frame is being recreated;

and whether a valid high priority frame is being
received; the controller further configured to selectively
store one of the high priority frame and the low priority
frame in a buffer, wherein selectively storing comprises
choosing between at least two of completely storing,
partially storing, and not storing;

recreating a frame, at least partially, at a faster data rate

than the data rate at which the frame was received.
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8. The method of claim 7 wherein the controller is further
configured to determine whether the first signal or the second
signal is a reflected signal and to ignore the reflected signal.

9. The method of claim 7 wherein the first signal is selected
from the group comprising a remote keyless entry (RKE)
frame and a tire pressure monitoring system (TPMS) frame.

10. The method of claim 7 wherein the second signal com-
prises a PEPS frame.

11. The apparatus of claim 7 wherein the controller is
further configured to recreate low priority frames for trans-
mission to the vehicular controller.

12. The apparatus of claim 7 wherein the controller is
further configured to recreate high priority frames for trans-
mission to the vehicular controller.

13. A computer usable non-transitory medium having a
computer readable program code embodied therein, said
computer readable program code adapted to be executed to
implement a method of receiving signals of multiple types,
the method comprising:

at a vehicle:

receiving a first signal, the first signal being of an ASK-
compliant modulation type;

receiving a second signal, the second signal being of a
FSK-compliant modulation type;

based upon a set of predetermined criteria, selecting one
of the first signal and the second signal, the predeter-
mined criteria at least in part indicating a priority as
between ASK-compliant and FSK compliant commu-
nications;

transmitting the selected signal data to a vehicular con-
troller over a single transmission line;

wherein the predetermined criteria comprise at least one
of:

whether a received low priority frame is an actual low
priority frame rather than a reflection;

whether the actual low priority frame is being recreated;
and whether a valid high priority frame is being
received;

selectively storing one of the high priority frame and the
low priority frame in a buffer, wherein selectively
storing comprises choosing between at least two of
completely storing, partially storing, and not storing;
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recreating a frame, at least partially, at a faster data rate
than the data rate at which the frame was received.

14. The computer usable non-transitory medium of claim
13 wherein the method further comprises determining
whether the first signal or the second signal is a reflected
signal and ignoring the reflected signal.

15. The computer usable non-transitory medium of claim
13 wherein the first signal is selected from the group com-
prising a remote keyless entry (RKE) frame and a tire pres-
sure monitoring system (TPMS) frame.

16. The computer usable non-transitory medium of claim
13 wherein the second signal comprises a PEPS frame.

17. The computer usable non-transitory medium of claim
13 wherein the method further comprises recreating low pri-
ority frames for transmission to the vehicular controller.

18. The computer usable non-transitory medium of claim
13 wherein the method further comprises recreating high
priority frames for transmission to the vehicular controller.

19. The apparatus of claim 7 wherein the controller further
comprises a computer usable non-transitory medium having a
computer readable program code embodied therein, said
computer readable program code adapted to be executed by
the microcontroller to at least partially select one of the first
signal and the second signal based upon the set of predeter-
mined criteria.

20. The apparatus of claim 7 wherein the controller further
comprises a computer usable non-transitory medium having a
computer readable program code embodied therein, said
computer readable program code adapted to be executed by
the microcontroller to at least partially recreate frames for
transmission to the vehicular controller.

21. The method of claim 1 further comprising recreating a
frame while the frame is being selectively stored.

22. The apparatus of claim 7 wherein the controller is
further configured to recreate a frame while the frame is being
selectively stored.

23. The computer usable non-transitory medium of claim
13 wherein the method further comprises recreating a frame
while the frame is being selectively stored.
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